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@ LED lamp including refractive lens element 

@ A lamp includes one or more LED's which 
illuminate respective portions of a refractive 
lens element whose incident surface preferably 
includes portions of hyperboloids which trans- 
late the LEDs' emitted rays into substantially 
parallel beams within the lens element The lens 
element's exit surface is preferably an array of 
facets configured to provide a desired beam 
spread pattern, allowing precise tailoring of the 
resultant output beam pattern. The plurality of 
facets also allows a larger area on the lamp to 
appear to viewers to be uniformly illuminated, 
thus providing full target size definition at a 
decreased cost and with reduced power con- 
sumption. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to lamps and other 
illumination devices. More specifically, the invention 
relates to LED-based lamps using minimum power to 
illuminate a chosen area. 

2. Related Art 

In the field of illumination devices, there has long 
been a trade-off between brightness and power con- 
servation. It is known that the use of light emitting di- 
odes (LED's) consume substantially less power than 
incandescent light bulbs. However, typically, the radi- 
ant power of LED's has been limited so that they have 
been used for primarily short-range applications such 
as panel indicators or indoor signs. LED's have prov- 
en useful when their size has not been a significant 
factor because they are viewed from small distances. 
Unfortunately, use of LED's in outdoor applications 
such as traffic lights has been limited, due to high lev- 
els of ambient light Even with the advent of "ultra- 
bright" LED's, large clusters of LED's are required to 
achieve adequate target-size definition. The longer 
distances involved in outdoor illumination devices, 
brighter ambient light conditions, and limits of resolu- 
tion of the human eye are among factors which require 
clusters of large numbers of LED's in known systems. 
Unfortunately, these clusters are expensive and con- 
sume a considerable amount of power. 

Various known systems have been involved in 
optically enhancing a light source. For example, U.S. 
Patent No. 2,082,100 (Dorey et al.) discloses a light- 
spreading lens in which light radiating from a point 
source passes through a plate including several pris- 
matic lenses to exit in a substantially parallel fashion. 
U.S. Patent No. 2,401,171 (Leppert) discloses a traf- 
fic signal in which lamp light passes through a plurality 
of lenses before exiting the structure. Finally, U.S. Pa- 
tent Nos. 4,425,604 (Imai et al.) and 4,684,919 (Hihi) 
disclose illumination devices in which light reflects off 
elliptical surfaces or a plurality of prismatic surfaces 
before exiting. 

Unfortunately, none of the known systems in- 
volve optimum use of light within the beam angle of 
LED's so as to provide signs of enough brightness for 
outdoor signs or traffic signals while still minimizing 
power consumption. 

SUMMARY OF THE INVENTION 

The present invention provides a solution to the 
above-described problems. 

The present invention provides a lamp in which 
one or more LED's illuminate respective portions of a 
refractive lens element whose incident surface prefer- 



ably includes portions of hyperboloids which translate 
the LEDs* emitted rays into substantially parallel 
beams within the lens element. The lens element's 
exit surface is preferably an array of facets conf ig- 

5 ured to provide a desired beam spread pattern, allow- 
ing precise tailoring of the resultant output beam pat- 
tern. The plurality of facets also allows a greater area 
on the lamp to appear uniformly illuminated, thus pro- 
viding full target-sized definition at a decreased cost 

w and with reduced power consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is better understood by reading the 
15 following Detailed Description of the Preferred Em- 
bodiments with reference to the accompanying draw- 
ing figures, in which like reference numerals refer to 
like elements throughout, and in which: 

Figs. 1A and 1B present top and side views, re- 
20 spectively, of four LED's illuminating a preferred em- 
bodiment of a refractive lens element according to the 
present invention. 

Fig. 1 C presents two sectional schematic views il- 
lustrating, respectively, a facet whose center of curva- 
25 ture is centered with respect to the linear center of the 
facet, and a facet in which the center of curvature is 
off-center to allow skewing of the beam diverging from 
the facet. 

Fig. 2 is an exploded side view showing the LED's 
30 on a printed circuit board, a housing, and the refrac- 
tive lens element 

Fig. 3A illustrates the housing and refractive lens 
element viewed from direction 3A (Fig. 2). 

Fig. 3B illustrates the housing and printed circuit 
35 board as viewed from direction 3B (Fig. 2). 

Fig. 3C is an end view of the refractive lens ele- 
ment as viewed from direction 3C (Fig. 2), especially 
illustrating the rows and columns of facets forming the 
exit surface of the refractive lens element 

40 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In describing preferred embodiments of the pres- 
45 ent invention illustrated in the drawings, specific ter- 
minology is employed for the sake of clarity. However, 
the invention is not intended to be limited to the spe- 
cific terminology so selected, and it is to be under- 
stood that each specific element includes all technical 
so equivalents which operate in a similar manner to ac- 
complish a similar purpose. Furthermore, directional 
indicators such as "top", "bottom - , "left", "right", N, S, 
E, W, NW, NE, SW, SE, and so forth, are provided for 
the convenience of the reader in referencing particu- 
55 lar elements or relationships of elements in exem- 
plary embodiments of the invention, but do not in any 
way limit the invention to such orientations or config- 
urations. 
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Referring now to the drawing figures, especially 
Figs. 1Aand 1B, the structure and principles of oper- 
ation of a preferred embodiment of the invention are 
presented. In the illustrated embodiment, it is as- 
sumed that four LED's 101, 102, 103, and 104 (see 
especially Fig. 3B) are provided on a printed circuit 
board 202 (Fig. 2). Arranged substantially parallel to 
the printed circuit board, perpendicular to main axes 
of the LED's, a lens element 106 is provided. 

The lens element 1 06 includes a square body 1 08 
which is seen from the edge in Figs. 1A, 1B. Hyper- 
boloid-section surfaces 111. 112, 113, 114 constitute 
the incident surfaces for light emitted by respective 
LED's 101, 102, 103, 104. The outer (exit) surface of 
the lens element 106 includes an array of facets pro- 
vided in a row end column arrangement Columns 
110A and 110B (Figs. 1A and 3C) are provided for 
LED's 101 and 103, while facet columns 110C and 
110D are provided for LED's 102 and 104. Similarly, 
rows of facets 110-1 through 110-6 (Figs. 1B and 3C) 
are provided for LED's 101 and 102, while rows of fac- 
ets 110-7 through 110-12 are provided for LED's 103 
and 104. 

Preferably, embodiments of the invention employ 
LED's which have a specified beam angle, which 
beam angle generally defines a cone-shaped space 
within which most of the LED's luminous energy trav- 
els. Preferably, a minimal fraction of the luminous en- 
ergy from the LED's travels outside the beam angles. 
In Figs. 1A and 1B, the beam angles for LED's 101, 
102, 103 are defined by lines 121, 122, 123, respec- 
tively. 

The hyperboloidal surfaces 111-114 are dimen- 
sioned to intercept the edges of the beam width when 
the LED is oriented at a focal point Thereby, a maxi- 
mum amount of luminous energy enters the lens ele- 
ment 106. Each LED lies at the focus of the second 
branch of its respective hyperboloidal surface. In this 
manner, the acceptance angle of the hyperboloidal 
surface, also known as its numerical aperture, and 
the index of refraction of the lens element 106 are 
such that the emitted light is refracted into a series of 
parallel intra-lens beams after it enters the lens ele- 
ment. More specifically, as illustrated in Fig. 1 A, after 
light from LED 102 passes through hyperboloidal sur- 
face 112, all portions of the beam are substantially 
parallel while passing through the solid lens element 
body including hyperboloidal surface 112, square 
body 108, and facets 110. In the illustrated embodi- 
ment hyperboloidal surface 112, square body 108, 
and facets 110 are integrally formed into lens 106, al- 
though this is not necessary in all embodiments of the 
invention. 

If the LED has a narrower beam, a longer hyper- 
boloid focal length must be chosen in order to have its 
full aperture illuminated. Conversely, if the LED has a 
broader beam width, the hyperboloid's focal length 
must be shorter, in order to intercept all or most of the 



emitted energy. Thus, the choice of LED and the de- 
sign of the lens element are interacting considera- 
tions, allowing the designer flexibility in construction 
of the lamp. 

5 For purposes of illustration, the propagation of 

light from the lens element 106 will be described with 
reference to the top view (Fig. 1A), with the under- 
standing that similar principles apply to the side view 
(Fig. 1B). As shown in Fig. 1A, each facet 110A-110D 

10 passes a beam having a beam center 120A-120D, re- 
spectively. Because the facets are convex, the paral- 
lel beams passing through the lens element 106 con- 
verge toward the respective beam centers, crossing 
each other at a plane 125. Thereafter, the beams en- 

15 ter a divergence zone, generally indicated as 1 26, and 
propagate toward the viewer 127. 

In accordance with principles known to those skil- 
led in the art, the amount of curvature of the facets 
110 determines the output beam pattern experienced 

20 by the viewer. For example, imparting a smaller radius 
of curvature to the facets 1 1 0 cause the beams to con- 
verge at plane 1 25 nearer the lens elements, and then 
diverge at a greater angle, resulting in a wider, more 
diffuse beam. Conversely, increasing the radius of 

25 curvature of facets 110 causes the light to converge 
at a greater distance from the lens element and di- 
verge more slowly, resulting in a narrower, more con- 
centrated beam. 

In the illustrated embodiment, the outer surfaces 

30 of facets 1 1 0 are convex, and have a horizontal width 
greater than its vertical height. Viewed from above 
(Fig. 1 A), the facets are shown to constitute a portion 
of a sphere traversing a horizontal angle of 36° 42*. 
Viewed from the side (Fig. 1B) the facets are shown 

35 to constitute a portion of a sphere traversing a vertical 
angle of 12° 2'. The resultant desired output beam 
subtending a projected angle of about 1 8° horizontally 
and 6° vertically. This design provides a divergent 
beam pattern which is wider than it is high, as is de- 

40 sired in many applications. As an example, in the case 
of an eye-level display sign, it is desirable that the hor- 
izontal beam width be wider than the vertical beam 
width, because viewers of the sign have a greater 
range of movement horizontally than vertically as 

45 they walk by. 

The invention also provides that the facets may 
be off center, as illustrated in Fig. 1C. The top and bot- 
tom portions of Fig. 1C show facets in what may be 
considered either a top view or a side view, the prin- 

50 ciples being applicable regardless of the physical ori- 
entation of the facet. 

The center of curvature 140 of the first facet 110 
is illustrated on the physical center line 140 of the fac- 
et, the center line 140 being defined as equidistant 
55 from first and second facet edges 146, 148 and par- 
allel to the light within the lens element. This first con- 
figuration results in a divergent light beam having a 
center line 144 which is parallel to the light within the 
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lens element In this case, the light comes "straight- 
out of the lens element, the situation which was illu- 
strated in Figs. 1Aand 1B. 

In contrast, the center of curvature 1 52 of the sec- 
ond facet 110' is illustrated as being off the physical 5 
center line 150 of thefacet, the centerline 150 still be- 
ing defined as equidistant from first and second facet 
edges 156, 1 58 and parallel to the light within the lens 
element This second configuration results in a diver- 
gent light beam having a center line 154 which is 10 
skewed with respect to the light within the lens ele- 
ment In this manner, the light is "pointed' to one side 
of the lens element, and does not come "straight out 
of the lamp. 

Although Fig. 1C is a two dimensional drawing 15 
showing a divergent light beam skewed in one direc- 
tion, the invention provides that the center of curva- 
ture may be designed off-center in both the horizontal 
and vertical directions. This design allows the diver- 
gent beam to be skewed in any direction, regardless 20 
of the orientation of any horizontal and vertical edges 
of the facets in a particular lamp. 

In this manner, applications in which non-sym- 
metric distribution patterns are desired can readily be 
accommodated, according to the invention. For ex- 25 
ample, it is generally undesirable for a traffic light to 
project light upward, as all intended viewers will be 
either at the same height as, or lower than, the traffic 
light itself. Therefore, for traffic lights, it is desirable to 
direct the beam horizontally and downward, so that 30 
light energy is not wasted by being directed uselessly 
into the sky. If the light is properly directed horizontally 
and downward, maximum brightness is experienced 
for a given power consumption. 

It lies within the contemplation of the invention 35 
that the facets 110 be concave instead of convex. 
When the facets are concave, the light beams exiting 
the lens will begin to diverge immediately, rather than 
converge at a crossing plane 125 before diverging. 
However, as illustrated, the preferred embodiment irv- 40 
eludes convex lenses because any sun hoods or 
other physical objects immediately above or below 
the beams might otherwise block some of the light ex- 
iting the lens element. 

Referring now especially to Fig. 2, a preferred 45 
embodiment of the illumination device according to 
the present invention is illustrated in an exploded side 
view. The tED's 101, 103 are shown installed on a 
printed circuit board 202 which may be of standard de- 
sign. The lens element 106 is illustrated at the oppo- so 
site side of Fig. 2. A housing 204 is shown aligned be- 
tween the LED's and the lens element 

The left portion of the housing 204 attaches to 
printed circuit board 202 by means of four latch mem- 
bers 210N, 210E, 210S, and 210W (see Fig. 3A). 55 
Latch members 21 ON, 21 0E, 210S, and 21 0W are 
provided with 0.85 by 0.09 inch slots on both sides at 
their point of attachment to the housing (Fig. 3A), to 



provide them with more physical flexibility and to fa- 
cilitate assembly of the device. Latches 210 matingly 
engage corresponding holes in the printed circuit 
board 202. For stabilizing the relative locations of the 
printed circuit board and housing, pegs 210NW, 
210NE, 210SE, and 210SW (see also Fig. 3A) are 
provided. The cylindrical pegs fit within cylindrical 
apertures in the printed circuit board, preventing ro- 
tational movement of the housing. 

The housing 204 is provided with a baffle area 
201. Baffle area 201 provides a set of four "tunnels" 
arranged parallel to the axes of the respective LED's 
beam patterns. The baffles function as the "tunnels" 
to minimize the amount of light which would fall upon 
the LED's to make them appear to be turned on when 
they were in fact off. The baffles thus improve the on- 
off contrast of the lamp. 

The housing is also provided with four interior ribs 
220N, 220E, 220S, and 220W positioned parallel to 
the baffles and extending inward from the outer wall 
of the housing. Lens element 106 is inserted into the 
right side of housing 204 (as viewed in Fig. 2) until it 
contacts the end of the ribs. The top surface 220N and 
the bottom surface 220S of the housing 204 are pro- 
vided with apertures at the end of ribs 220N, 220S 
(Fig. 2) to receive tabs 230N, 230S, respectively, pro- 
vided on the top and bottom of the lens element (Fig. 
3C). In this manner, the lens element may be remov- 
ably snapped into place in the housing. 

Referring now to Fig. 3A, a view of the housing 
204 and lens element 106 is provided, as if seen from 
the position of the printed circuit board in Fig. 2. The 
four latches 210 and the four pegs 21 2 are illustrated, 
projecting out of the plane of the paper, indicating 
where the corresponding apertures are located on 
the printed circuit board to receive them. The four hy- 
perboloidal surfaces 111, 112, 113, 114 are visible 
through the baffles. 

Fig. 3B is a view of the LED's on the circuit board 
as seen through the housing, as if seen from a view 
3B (Fig. 2). As shown more clearly in Fig. 3B, the four 
LED's 101, 102, 103, 104 are aligned within respec- 
tive baffles 301, 302, 303, 304. Each baffle includes 
four surfaces perpendicular to the plane of the printed 
circuit board 202, parallel to the axes of the LED 
beams. When the housing is attached to the printed 
circuit board, the baffles are positioned against the 
surface of the printed circuit board, so that no light 
falls upon the LED's from the side. The positioning of 
these baffles ensures that a darkened LED does not 
falsely appear to be illuminated due to light incident on 
the LED being reflected by the LED and thence pass- 
ing through the lens element 

Fig. 3B also illustrates the ends 322N, 322W, 
322S, 322E of ribs 220N, 220W, 220S, 220E, respec- 
tively (Fig. 2). The lens element 106 (Fig. 2) is insert- 
ed into the housing until the edges of its incident face 
contacts these surfaces 322. 
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Fig. 3C is a view of the outside of the lens element 
from view 3C (Fig. 2). Fig. 3C illustrates the array of 
facets 110 which are present in a preferred embodi- 
ment. As described briefly above, with reference to 
Figs. 1 A and 1 B, the facets are arranged in four col- 5 
umns 110A through 110D t and 12 rows 110-1 through 
110-12. This embodiment of the lens element thus in- 
cludes 48 facets. Light from each of the four LED's 
passes through respective quadrants of 12 facets 
each. In particular, light emitted by LED 101 passes 10 
into hyperboloid 111 and passes out of the lens ele- 
ment through the twelve facets 1 A through 6A and 1 B 
through 6B. Similarly, light emitted by LED 102 pass- 
es into hyperboloid 112 and out the twelve facets 1C 
through 6C and 1D through 6D. Finally, LED's 103, 15 
104 emit light passing into hyperboloids 113, 114 and 
out facet 7A-12A, 7B-12B and 7C-12C, 7D-12D, re- 
spectively. 

As appreciated by those skilled in the art in light 
of the present description, the shape of the output light 20 
beam exiting the facets is dependent on a number of 
design parameters, including the following: 

1. The total number of facets determines how 
many times the LED is ■reproduced" to convey 

the impression of a uniformly illuminated surface. 25 
A uniformly illuminated surface is especially de- 
sirable in applications such as traffic signals. 

2. The relative shape of the facets (the ratio of the 
linear horizontal and vertical dimensions, when 
viewed end-on) affects the number of times the 30 
LED is effectively "reproduced", for a given over- 
all lens element size and radius of curvature. This 
directly affects the appearance of uniform illumin- 
ation. Further, assuming a given radius of curva- 
ture, the ratio of the beam width to beam height 35 
is directly related to the ratio of horizontal to vert- 
ical facet dimension, determining the beam 
spread pattern in which the lamp may be viewed. 

3. The radius of curvature of the facets (in both 

the horizontal and vertical planes) is a main factor 40 
allowing tailoring of the diverging light beam. For 
given facet linear dimensions, decreasing the 
radii of curvature causes correspondingly wider 
output beams. 

4. By centering the radius of curvature of the fac- 45 
ef s exit surface away from the physical center of 

the facet, in either the vertical direction (eleva- 
tion) or in the horizontal direction (azimuth) or 
both direction, the divergent beam may be 
skewed so as to "point" the beam upward, down- so 
ward, to either side, or any combination of eleva- 
tion and azimuth, as desired. 

5. Employing facets of different characteristics 
within the same device allows tailoring of light in- 
tensity patterns as a function of angle. 55 

In this manner, the beam width as experienced by the 
viewer at any given distance from the lens element 
may be independently controlled in both the horizon- 



tal (Fig. 1A) and vertical (Fig. 1B) directions, as well 
as at various angles (Fig. 1C). 

It is understood that the present invention envi- 
sions a wide variety of physical and optical construc- 
tions. However, for illustrative purposes, the embodi- 
ment illustrated in the drawings may be implemented 
using the following dimensions and materials. 

The LED's may be HLMP-3950 (Hewlett-Pack- 
ard, or equivalent from VCH-Chicago Miniature), hav- 
ing an advertised beam angle of 24° but being useful 
in this application with an assumed beam angle of 35- 
36°. A peak wavelength of 565 nm is close to the cen- 
ter of the human photopic curve (555 nm). 

The lens element may be made of prime grade 
clear acrylic, of optical clarity ranging from 92% trans- 
missivity (uncoated) to 98% transmissivity (when 
coated with an anti-reflective coating). Alternatively, if 
a more impact-resistant material is desired, polycar- 
bonate with UV inhibitors may be employed. The re- 
fractive index of the material in the illustrated embodi- 
ment is 1.491, the curves being normalized to an as- 
sumed wavelength of 565 nanometers. The ABBE 
value (V) is 57.2. The hyperboloidal surfaces 111-114 
may have a vertex radius of 0.96678 inches, the conic 
constant being -2.223081, and FFL—1.969 inches. 
Square body 108 is 0.1 inches thick, 2.22 inches 
square, with hyperboloids 111-114 projecting 0.226 
inches in one direction and the facets 110 projecting 
0.045 inches in the opposite direction from the square 
body. When viewed end-on, each hyperboloidal sur- 
face is 1 inch square, so that the four hyperboloidal 
surfaces and the 48 facets on the opposite side of the 
lens element comprise a 2 inch by 2 inch area. Thus, 
each facet is 0.1666 inches high and 0.5 inches wide. 
For fitting the lens element into the housing, a 0.1 inch 
border around all four sides is provided, with tabs 220 
projecting an additional 0.04 inches outside the bor- 
ders. The horizontal and vertical portions of the con- 
vex facets occupy 36° 42' and 12° 2', respectively, of 
a sphere of radius 0.794 inches. 

The baffle region 201 is preferably 0.7 inches 
long, with ribs 220 being 2.195 inches long. The over- 
all length of the housing 204 is 4.482 inches, with up- 
per and lower edges 222N, 222S, being 0.05 inches 
thick with a 1° draft extending away from the housing 
main body. 

The "tunnels" formed in the baffle region are pre- 
ferably square in cross-section (Figs. 3A, 3B), having 
inside measurements of 0.65 inches, the walls of the 
baffles being 0.05 inches thick. Pegs 212 are prefer- 
ably 0.246 inches in diameter and arranged at the four 
corners of the surface of the housing which contacts 
the printed circuit board, centered 0.2 inches from the 
edges of the housing. A0.105 by 0.55 inch slot is pro- 
vided in both the top and bottom surfaces 222N, 222S 
of the housing 2.195 inches from the PC-board end of 
the housing, to receive 0.030-inch tabs 230N, 230S. 
On the printed circuit board, the LED's are located on 
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the corners of a square having one inch sides. In a 
preferred embodiment, the housing is made of 10% 
glass-filled polycarbonate. 

Modifications and variations of the above- 
described embodiments of the present invention are 5 
possible, as appreciated by those skilled in the art in 
light of the above teachings. For example, the use of 
more than four LED's in conjunction with larger num- 
bers of hyperboloidal surfaces lies within the contem- 
plation of the present invention. Similarly, the use of 1 o 
fewer LED's, such as a single InAIGaAs LED may be 
used with a single hyperboloidal surface. Moreover, 
different arrangements of LED's, such as in rows and 
columns of unequal number and/or width, also lies 
within the contemplation of the invention. Also, use of 15 
LED's of different colors is contemplated, as are types 
of electromagnetic radiation other than that which is 
in the spectrum visible to humans. Furthermore, use 
of different quantities, shapes, sizes, curvatures, and 
orientations of facets lies within the scope of the in- 20 
vention. It is therefore to be understood that within the 
scope of the appended claims and their equivalents, 
the invention may be practiced otherwise than as spe- 
cifically described. 

25 

Claims 

1. An apparatus for emanating electromagnetic ra- 
diation as a desired output beam, the apparatus 30 
comprising: 

a) at least one emitting device for producing 
an emitted beam of electromagnetic radiation; 
and 

b) a lens element including, for each emitting 35 
device: 

1) an entrance surface shaped to refract 
the emitted beam into an intra-lens beam; 
and 

2) an exit surface including at least two 40 
facets shaped to refract the intra-lens 
beam into the desired output beam; 

wherein the emitting device is located at a 
focus of the lens entrance surface. . 



2. The apparatus as claimed in Claim 1, wherein at 
least one of the emitting devices is a light emitting 
diode (LED). 

3. The apparatus as claimed in either preceding 
Claim, wherein the entrance surface includes a 
portion of a hyperboloid having a focus at which 
is located one of the emitting devices. 

4. The apparatus as claimed in any preceding 
Claim, wherein the entrance surface is shaped to 
refract the emitted beam into an intra-lens beam 
substantially all of whose electromagnetic energy 
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travels in an essentially parallel direction. 

5. The apparatus as claimed in any preceding 
Claim, wherein at least one facet of the exit sur- 
face is convex. 

6. The apparatus as claimed in any preceding 
Claim, wherein at least one facet of the exit sur- 
face is concave. 

7. The apparatus as claimed in any preceding 
Claim, wherein at least one facet of the exit sur- 
face is formed with an imaginary center of curva- 
ture which is located on an imaginary center line 
passing midway between opposite edges of the 
facet and perpendicular to a line connecting the 
opposite edges, so that the desired output beam 
is substantially on-axis to the direction of the in- 
tra-lens beam. 

8. The apparatus as claimed in any preceding 
Claim, wherein at least one facet of the exit sur- 
face is formed with an imaginary center of curva- 
ture which is located off an imaginary center line 
passing midway between opposite edges of the 
facet and perpendicular to a line connecting the 
opposite edges, so that the desired output beam 
is skewed with respect to the direction of the intra- 
lens beam. 

9. The apparatus as claimed in Claim 8, wherein the 
imaginary center of curvature is located off the 
imaginary line passing midway between a first 
set of opposite edges of the facet and perpendic- 
ular to a line connecting the opposite edges, so 
that the desired output beam is skewed in a first 
direction with respect to the direction of the intra- 
lens beam. 

10. The apparatus as claimed in Claim 9, wherein the 
imaginary center of curvature is located off the 
imaginary center line passing midway between a 
second set of opposite edges of the facet and per- 
pendicular to a line connecting the second set of 
opposite edges, so that the desired output beam 
is skewed in a second direction with respect to the 
direction of the intra-lens beam. 

11. The apparatus as claimed in any preceding 
Claim, wherein the exit surface includes: 

a first facet having a first outer surface tra- 
versing a first angle in a first direction and a sec- 
ond angle in a second direction, the first facet 
emanating electromagnetic energy having a first 
beam spread; and 

a second facet having a second outer sur- 
face traversing a third angle in a third direction 
and a fourth angle in a fourth direction, the sec- 
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ond facet emanating electromagnetic energy 
having a second beam spread; 

wherein at least one of the first and second 
angles is not the same as a corresponding one of 
the third and fourth angles, so that the first beam 5 
spread is different than the second beam spread. 

12. The apparatus as claimed in any preceding 
Claim, further comprising a housing which in- 
cludes: 10 

a baffle arrangement for each emitting de- 
vice, oriented to substantially surround sides of 
the emitting device to minimize the amount of 
electromagnetic radiation which falls upon the 
emitting device. 15 

13. The apparatus as claimed in any preceding 
Claim, further comprising: 

a) a board on which the at least one emitting 
device is situated; and 20 

b) a housing, including: 

1) a baffle arrangement oriented around 
each emitting device and adjacent the 
board, to substantially surround sides of 

the emitting device to reduce the amount 25 
of electromagnetic radiation which falls 
upon the emitting device; 

2) a first set of attachment structures for 
. attaching the housing to the board on 

which the emitting devices are attached; 30 
and 

3) a second attachment structure for mat- 
ingly engaging a corresponding lens at- 
tachment structure on the lens element, so 

that the lens element may be fixed to the 35 
housing. 

14. The apparatus as claimed in any preceding 
Claim, wherein: 

a) the at least one emitting device includes 40 
LED's, the emitted beams of the LED's having 
respective beam spreads and beam axes; and 

b) the lens element is constructed and ar- 
ranged so that 

1) the lens element entrance surface in- 45 
eludes a number of hyperboloidal surfaces 
corresponding to the number of LED's, the 
hyperboloidal surfaces being centered on 
respective beam axes of respective LED's 

and having hyperboloidal surface edges 50 
generally corresponding to the respective 
beam spreads of respective LED's, the hy- 
perboloidal surfaces receiving respective 
emitted beams; 

2) each hyperboloidal surface is shaped to 55 
refract the emitted beam into an intra-lens 
beam whose components travel substan- 
tially parallel paths; and 



3) the facets are grouped into subsets of 
facets, the subsets arranged to receive in- 
tra-lens beams from respective ones of the 
hyperboloidal surfaces. 

15. The apparatus as claimed in Claim 14, wherein 
there are exactly four LED's, four hyperboloidal 
surfaces, and four rows and twelve columns of 
facets including four subsets of twelve facets. 

16. The apparatus as claimed in Claim 15, wherein 
each facet has an outer surface which traverses 
a horizontal angle of about 36° 42' and a vertical 
angle of about 12° 2', the resultant desired output 
beam subtending a projected angle of about 18° 
horizontally and 6° vertically. 

17. The apparatus as claimed in any preceding 
Claim, wherein the emitting device includes a de- 
vice for emitting electromagnetic energy lying 
substantially within the light spectrum visible to 
humans. 

18. The apparatus as claimed in any preceding 
Claim, wherein: 

a) the at least one emitting devices have re- 
spective characteristic beam spreads and 
beam axes, the beam spreads defining gener- 
ally cone-shaped regions within which the 
electromagnetic radiation is concentrated and 
outside of which electromagnetic radiation is 
substantially reduced or eliminated; and 

b) the lens element is positioned with respect 
to the emitting device so that edges of the en- 
trance surface substantially correspond to 
edges of the characteristic beam spread. 

19. A lamp, comprising: 

a) at least one LED for producing an emitted 
light beam, the emitted beams of the LED's 
having respective beam spreads and beam 
axes; 

b) a board on which the at least one LED is sit- 
uated; 

c) a lens element, including: 

1) an entrance surface which includes a 
number of hyperboloidal surfaces corre- 
sponding to the number of LED's, the hy- 
perboloidal surfaces being centered on re- 
spective beam axes of respective LED's 
and having hyperboloidal surface edges 
generally corresponding to the respective 
beam widths of the respective LED's, the 
hyperboloidal surfaces receiving respec- 
tive emitted beams, each hyperboloidal 
surface being shaped to refract the emit- 
ted beam into an intra-lens light beam 
whose components travel substantially 
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parallel paths; and 

2) an exit surface including at least one 
facet shaped to refract the intra- 1 ens light 
beam into a desired output beam, the fac- 
ets being grouped into subsets of facets, 5 
the subsets arranged to refract intra-lens 
light from respective ones of the hyperbo- 
loidal surfaces into a desired output beam; 
and 

d) a housing, including: 10 

1) a baffle arrangement oriented around 
each LED and adjacent the board, to sub- 
stantially surround sides of the LED to re- 
duce the amount of light which falls upon 

the LED; 1 s 

2) a first set of attachment structures for 
attaching the housing to the board on 
which the LED's are attached; and 

3) a second attachment structure for mat- 
ingly engaging a corresponding lens at- 20 
tachment structure on a lens element, so 

that the lens element may be fixed to the 
housing. 

25 
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